The In the present investigation, mutant strains of S. cerevisiae defective in acyl-CoA synthetase [acid:CoA ligase (AMPforming), EC 6.2.1.3] were isolated and utilized to determine whether fatty acid itself or a metabolite of fatty acid is more directly responsible for the repression of acetyl-CoA carboxylase observed upon addition of fatty acid to the culture medium. Such mutants promised to be useful for this purpose, since acyl-CoA can be regarded as an obligatory intermediate for further metabolism of fatty acid. Studies with these mutants have provided evidence indicating that the repression of acetyl-CoA carboxylase by exogenous fatty acid is mediated by some metabolite of fatty acid rather than by nonesterified fatty acid.
The synthesis de novo of long-chain fatty acids in yeast proceeds via malonyl-CoA, which is the product of the reaction catalyzed by acetyl-CoA carboxylase [acetyl-CoA:carbondioxide ligase (ADP-forming), EC 6.4.1.2] (1). This enzyme plays a critical role in the regulation of fatty acid synthesis in yeast (2) as well as in animal tissues (3) . Our previous studies have demonstrated that the level of acetyl-CoA carboxylase activity in Saccharomyces cerevisiae is lowered by the addition of long-chain fatty acids to the culture medium (2) . The results of immunochemical titrations have indicated that this decrease in the activity level is due-to a reduced cellular content of the enzyme rather than to an altered catalytic efficiency of individual enzyme molecules. Moreover, the extent of the decrease in the cellular content of the enzyme can account for the reduced rate of [14C]acetate incorporation into fatty acids by cells grown with exogenous fatty acid.
An analogous effect of exogenous fatty acids on the cellular content of acetyl-CoA carboxylase has been shown with human skin fibroblasts (4) and rat hepatocytes (5) in culture. Furthermore, isotopic leucine incorporation studies with the use of immunochemical techniques have revealed that the reduction of the enzyme content upon addition of fatty acid to the culture medium can be ascribed to a decrease in the rate of synthesis of the enzyme, while the rate of degradation of the enzyme is not affected by exogenous fatty acid (5) . On the basis of these findings, it appears reasonable to assume that the observed decrease in the acetyl-CoA carboxylase content of S. cerevisiae likewise represents a repression of the enzyme. In In the present investigation, mutant strains of S. cerevisiae defective in acyl-CoA synthetase [acid:CoA ligase (AMPforming), EC 6.2.1.3] were isolated and utilized to determine whether fatty acid itself or a metabolite of fatty acid is more directly responsible for the repression of acetyl-CoA carboxylase observed upon addition of fatty acid to the culture medium. Such mutants promised to be useful for this purpose, since acyl-CoA can be regarded as an obligatory intermediate for further metabolism of fatty acid. Studies with these mutants have provided evidence indicating that the repression of acetyl-CoA carboxylase by exogenous fatty acid is mediated by some metabolite of fatty acid rather than by nonesterified fatty acid.
MATERIALS AND METHODS Chemicals. Fatty acids were purchased from Nakarai (Kyoto, Japan). [9,10- Extraction was repeated two more times with 1.5 ml of the same solvent. The combined extracts were washed successively with 0.9 ml of 0.1 M HC1 and with 2 ml of methanol-0.2 M HC1 1:1, dried under reduced pressure, and dissolved in 0.5 ml of chloroform-methanol 2:1. The recovery of radioactivity was more than 90%. Lipids were analyzed by thin-layer chromatography on a silica gel G plate with either n-hexane-diethyl ether-acetic acid 30:6:0.5 or benzene-diethyl ether-ethanol-acetic acid 50:40:2:0.2 as the developing solvent. Lipids were visualized with iodine vapor and identified by comparison with authentic samples. Silica gel zones containing radioactive lipids were scraped into vials and counted in the scintillator solution mentioned above. Radiogas-liquid chromatography of methyl esters of fatty acids was carried out under the conditions described previously (13) .
RESULTS
Acyl-CoA Synthetase Activity of Mutants. Mutants of S. cerevisiae with defective acyl-CoA synthetase would be viable, since the final products formed in vitro by the fatty acid synthetase complex from this organism have been shown to be long-chain acyl-CoA thioesters rather than nonesterified fatty acids (14) . However Cells were grown at 24°in 500 ml of YPS-medium and harvested during the mid-logarithmic phase. Enzyme assays were conducted as described in Materials and Methods.
acyl-CoA synthetase activity. Although the acyl-CoA synthetase activity of mutant B-201 was negligible at 360, 5-10% of the activity of the wild-type strain was detected when the assay (including 10-min preincubation) was conducted at 240. The activity of mutant B-201 at 240 was completely abolished by preincubating the enzyme preparation at 400 for 30 min, while the activity of the wild-type preparation was unaffected under the same conditions. These results suggest that strain B-201 has a mutation in the structural gene of-acyl-CoA synthetase.
[14CJPalmitate Incorporation Studies. In view of the report that mutants of Escherichia coli lacking acyl-CoA synthetase fail to take up oleic acid (17) , experiments were carried out to examine the uptake of fatty acid by the yeast mutants B-53 and B-201. As is evident from Table 2 revealed that the mutant cells actually accumulated markedly more labeled nonesterified fatty acid (30-44%) than did the wildtype cells (7%). The radioactive nonesterified fatty acid derived from the mutant and the wild-type cells was eluted and analyzed by radio-gas-liquid chromatography after methylation. The results demonstrated that, for all three strains, palmitic acid was the only fatty acid containing radioactivity. It is uncertain whether the esterification observed in the mutant cells was due to a residual activity of acyl-CoA synthetase or to some unknown mechanism.
['4CJAcetate Incorporation Studies. As mentioned above, the final products formed in vitro by the fatty acid synthetase complex from S. cerevisiae are long-chain acyl-CoA thioesters rather than nonesterified fatty acids (14) . Therefore, the activity of acyl-CoA synthetase would not be required when fatty acids formed by synthesis de novo in cells are further metabolized. In the experiments shown in Table   3 Effect of Exogenous Fatty Acids on Acetyl-CoA Carboxylase of Mutants. As described above, the acetyl-CoA carboxylase content of the wild-type strain of S. cerevisiae is reduced upon addition of fatty acids to the culture medium. If this repressive phenomenon were mediated by nonesterified fatty acid, it would be expected to occur in the acyl-CoA synthetase mutants to an extent equal to or greater than that Experimental details are described in Materials and Methods. The figures in parentheses after strain refer to the number of experiments, and the results are expressed as means + SEM. When the entire thin-layer plate was automatically scanned, over 90% of the radioactivity was recovered in the areas containing the lipid species listed; the remainder was found at the solvent front and was not included in the calculations. * Per unit of optical density at 660 nm of the cell suspension. t The sum of the radioactivities determined is taken as 100%. T The identity was further confirmed by rechromatography on a thin-layer plate with n-hexane-diethyl ether-methanol-acetic acid 90:20:3:2 as well as with n-heptane-diisopropyl ether-acetic acid 60:40:3. § The majority of the radioactivity was located in phosphatidylcholine and phosphatidylethanolamine by thin-layer chromatography with chloroform-methanol-water 65:25:4. For mutant B-53, radioactivity in diglyceride was not determined except in one experiment, in which 4% of the total radioactivity was found in this fraction. 
